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PRINCIPLES OF ORGANIZAT:2 N

IN INTUITIVE AND ANALYTICAL COGNITION

A previous technical report (Hammond, 1980) presented a general

theory of cognition that is intended to unify, rather than replace, the

major approaches to judgment and decision makinc that are described in

Hammond, McClelland, and Mumpower (1980). In that general theory (termed

Cognitive Continuum Theory) a conceptual frammwork that describes task

properties and cognitive properties, together with predictions of

behavior that follow from their interaction was presented. (Tables 1, 2

& 3 of Hammond, 1980, present this conceptual framework, including

predictions, and they are reproduced here; see Appendix A.) The most

important concept within this framework concerns the organization of

knowledge in judgment and decision making. No question in the history

of the study of cognition has been more salient or pervasive than the

question of the nature of principle(s) by which knowledge, or information,

is organized prior to the exercise of a judgment, the production of an

answer to a problem, or any other outcome of cognitive activity.

A second topic addressed in the previous report is equally salient and

pervasive in the history of the study of cognition; it concerns the nature

of, and relation between, intuitive and analytical modes of cognition.

The contrast between these two modes of cognition is implicit in virtually

* all studies of judgment and decision making, as well as problem solving,

despite the fact that neither mode of cognition has been securely anchored

in theory or in research techniques.
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The present report addresses both topics i greater detail than was

possible in the previous report (Hammond, 1980), and brings them in

relation to one another in the co.ntext of the Coqnitive Continuum Theory.

In what follows, definitions of what is meant by intuitive organizing

principles, analytical organizing principles and quasi-rational organizing

principles are presented. Predictions are then made with regard to the

specific forms such principles tak- in intuition-inducinq tasks, the

(in-between) tasks that induce quasi-rationality, and analysis-inducing

tasks. The theoretical basis for these predictions is intended to further

the unification of theory and research in judgment and decision making, as

well as extending the unifying effort to include theory and research in

problem solving. Special emphasis is placed upon the unifying potential

of the concept of vicarious functioning (mutual substitutability of cues

and mutual substitutability of responses). In particular, the hEretofore

unrecognized shift in locus of vicarious functioning from the proximal/

peripheral region to the central region of the organism as cognition is

induced by task properties to move from intuition through quasi-rationality

to analysis (and vice versa) offers new opportunities for unifying what

are now apparently disparate conceptual approaches to cognition.

Definitions of Principles of Organization

The Approach to Definition

Present approaches to the use of principles of organization remain

satisfied with a degree of looseness and abstraction that have not

materially changed during the 20th century. Pitz and Harren (1980), for
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example, cite Schank and Abelson's (1977) use of the enduring concept of

"schemata," thus: "They suggest that under::.tanding -iorration is ased

on 'schemata,' abstract structures that provLde an organization fcr a

person's knowledge. New information is given meaning by findinj a suitable

schema into which it can be incorporated. Elements of the infornation are

filled in, all under the guidance of the general structure of the schema"

(p. 330). Such descriptions are satisfying because of their common sense

appeal, and their ad hoc utility; but they do not help us to form con-

ceptions of organizing principles that can be tested.

In the present approach, descriptions of the principles of organization

will be required to meet three formal criteria; such descriptions will be

expected to demonstrate, for example, that u putative organizing principle

is (a) functionally compatible with the task properties that are predicted

to induce that principle, (b) conceptually compatible with other properties

of the cognate mode of cognition, and (c) functionally effective in the

task situations that are predicted to induce that principle. The appli-

cation of these criteria to the definition of different types of organizing

principles follows.

Intuitive Organizing Principles

These are induced by the task properties that are indicatea in Table 1

(see Appendix A). Among the fifteen task properties listed, it is suffi-

cient for our present purposes to observe that intuition-inducing tasks

include (a) many (5+) (b) contemporaneously displayed cues which must

somehow be (c) measured without assistance by a subject who (d) does not
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receive feedback and (e) has no prior familiarity or (f) expertise with

regard to the judgment task.

As indicated above, whatever hypothesis, concept, or principle that

is put forward to describe or explain how information is organized in

tasks with the above properties must be functionally compatible with these

task properties; that is, it must be capable of being readily applied in

these task circumstances. An intuitive organizing principle must, for

example, be readily applicable to a task that presents a large number of

contemporaneously displayed cues (or dimensions); an organizing principle

that demands for its operation sequential presentation, dimension by

dimension, of cue data would be less functionally compatible with these

conditions. The same holds for the remaining task conditions.

In general, the functional compatibility of an organizing principle

with task conditions to which it is applied is a requirement that has not

been given due theoretical consideration; the range of task conditions to

which they are intended to apply is ordinarily ignored, with the result

that organizing principles purporting to govern cognitive activity are

persistently over-generalized with regard to task conditions. Indeed, as

pointed out in detail in Hammond (1980) and Hammond, et al. (1980), the

explanatory mechanisms that are offered could be described as being iso-

morphic with the task that is repeatedly studied by the same investigator.

(See, for example, Larkin, McDermott, Simon, & Simon, 1980, who assert

that chess, algebra and physics problems exhaust the range of cognitive

tasks that need to be studied; they go so far as to suggest that these

!
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topics "are serving as the Drosophila, Neurosp'_:.:, unc: Escncrl-.ia r;1l

of research on human cognitive skills" (p. 1336).

Second, an intuitive organizing principle must be conceptuall.,

compatible with the other properties of intuitive cognitive activity

predicted to occur in intuition-inducing tasks. Because the task properties

indicated above are predicted to induce low cognitive control over cue

usage, vicarious cue utilization, and rapid data processing without aware-

ness, the properties of an intuitive organizing principle must, therefore,

be nonreportable by the subject, be capable of utilizing intersubstitutable

cues, and be capable of rapid data processing, in order to be conceptually

compatible with these related cognitive propertres (see Table 1, Appendix

A). In short, the nomological network among the predicted cognitive

properties is to be explicitly examined (concepts should not be treated

in isolation), and the properties found therein must be compatible with

one another.

To refer to the list of cognitive properties in Table 1 (Appendix A)

as a "nomological network" may seem pretentious in view of the fact that

no lawful relations are indicated among them; it might have been more

prudent to refer to this list as a "constellation," or perhaps no more

than a "list," of cognitive properties. Imprudent and pretentious as it

might appear, there is a definite need not only to be specific about which

cognitive properties are associated with one another but also to indicate

which are not associated; aoing so directly implies a necessary, if crude,

functional relationship among these properties. Moreover, the list,



constellation or network in Table 1 (Appendix " -A- cxjwl.etu;

revision will, therefore, have to be explici.. j i tnus iroviuiing an

explicit, complete network of t &ose propert e:, Lidt are and are .It

expected to be associated (conceptually compatm.,:; w -h rne anvtr- , I

meet the requirement of confronting the reiatiunsh-) among ai. ot tKe

concepts utilized in the theory.

For example, when indicating that a zask jr: m-rv contempor-

aneously displayed cues which must somehow be .wie. urc .e jzhout assistance

by a subject who does not receive feedback and has no prioi taxiiarity or

expertise with regard to the judgment task" (see Table 1, Appendix A for

other task properties inducing intuition) the constellation of cognitive

properties that must be compatible with the (intuitive) organizing principle

induced by these properties will include rapid data processing (the

judgment will occur in less than a minute), and wiil be a compensating

rather chanr a rioncompensating mechanism, because the other properties

listed require these properties to appear; they are conceptually compatible

with them.

Of course, one may dispute the necessity for the association among

these concepts argued here (and, of course, such dispute is to be

encouraged); when doing so, however, the dispute should be developed on

the basis of a list, constellation or network of concepts that is also

conceptually compatible throughout, not merely on the basis of a difference

with regard to the necessity of the presence of a single task, or cognitive,

property. That is, (at least) each one of the fifteen properties iz.dLcated

in Table 1 (Appendix A) should be addressed.

. ...
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Third, an intuitive organizing principle mz . x finctio;,aiy

effective in intuition-inducing tasks. Specifically, it must be shown to

be potentially capable of organizing information from a large numnber (5+)

of simultaneously displayed, intersubstitutable cues in a way that -s

robust; good approximations to ecologically correct criterion values mast

be achieved irrespective of the imprecise nature of the task conditions.

Differentially weighted cue data must be organized i. a manner that

readily permits the addition and omission of (oftn partialiy redundant)

cues without resulting in a change in judgment (much as perception permits

a constant judgment of, say, size despite changing retinal stimuli). That

is, stability in judgment, despite variation in the amount and the content

of proximal data, must be achieved with a minimum of conscious cognitive

labor. Otherwise, in tasks in which the appearance of cues is irregular,

and in which vicarious mediation (task redundancy) provides the major

source of cognitive security, a person's judgment would be hopelessly at

the mercy of momentary changes in task conditions. Therefore, an

intuitive organizing principle must be one that will provide stability in

judgment despite variability in information and/or information source if

functional effectiveness is to be achieved in intuition-inducing tasks.

The above demands and constraints for the defining properties of an

intuitive organizing principle thus take into account (a) task properties,

(b) the nomological network of relations with other aspects of intuitive

cognitive activity, as well as (c) the demands for functional effective-

ness in relation to both task conditions. The organizing principle for

intuitive cognitive activity does not, therefore, receive an open-ended

M



definition; it is not simply defined as, o _, cooni*tve

activity that occurs if and when analytical c -,cmition is dercn-trated to

be absent. Most important, the extent to which any organizinc,ii i

that is put forward as meeting the aforementioned demands and censtrr-.

can be ascertained by empirical test; explicit revlsicn is thus possibie

when theoretical analysis and empirical research dcmonsurat- the

inevitable need for revision. We turn now to the demands and constraints

to be placed on the defining properties of analytical organizing principl-s.

Analytical Organizing Principles

These are induced by task properties that include (a) a few (<5)

contemporaneously displayed cues, but (b) numerors, sequentially-

encountered cues that are (c) quantitatively describedi (or objectively

apparent) among which there is no (or perfect) redundancy (see Table 1,

Appendix A).

Analytical organizing principles must meet the same three formal

requirements as intuitive organizing principles, although their substantive

requirements will differ. In this case, functional compatibility demands

that the task properties permit the application of a coherent, internally,

consistent organizing principle (recall the absence of these requirements

for an intuitive organizing principle). If the appropriate task conditions

are not present, analysis will not occur because it cc-nnot -occur.

Spiecifically, if adequate time and reliable, objectively measured data

(or objects) are present analysis can be (but, of course my not be)

applied; if these conditions are riot present, it will not be. Analy'tical

rj-qanizing principles must also be conceptually compatible with the other

-d
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properties of analytical cognitive activity iro-cate,' in 1 1, Ar>endix

A. In contrast to intuitive organizing principles, conceptual compatibility

in this case will not require radid data processinq without awareness, a

process often referred to in ordinary language as "leaping over" requisirc

analytical steps. Rather, analytical organizing principlus must Take

.ovision for orderly, systematic sequences of ne.4 ations, carried out

with high awareness that will produce sequential cognitive change in

response to change in proximal data. (Rapidity of inuitive data processing

-- characteristic of intuitive cognition -- is thus exchanged for the

security of analytical retraceability.) In order to be functionally

effective, therefore, analytical organizing pi- 4 iples must fit the task

precisely; changes in task conditions such as the appearance of (a) new

information with regard to the parameters of a principle currently in use,

or (b) conditions which require the use of a wholly different organizing

principle, must be detected by the organizing principle itself if it is

to be functionally effective. Such sensitivity to incongruence between

task and organizing principle requires the production of exact answers

by the organizing principle, and precision and certainty in outcome feed-

back, as well as internal consistency by both. The functional effective-

ness of analytical organizing principles thus requires a capacity for the

production of logically defensible solutions and ready detection of, and

sharp sensitivity to, errors, that is, mismatches between the answer

produced and some criterion of correctness.
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Quasi-rational -)rqanizing Principles

As indicated earlier, most cognitive activiny .s locatel roughly

midway between the poles of t.,. -sc(jnit've contnr.junT.; thus the major form

of cognitive activity cons!'.:tt of re applicadtion of "comnnon sense," 0.:

"plausible inferences" (Hiier, 1)58; Polya, 1954) or the applicati:'.

a variety of "heuristics" (Poia, 1954; Wversky & Kahneman, 1974), tat

can be described a "qcasi-rat;ona" ,Brunswix, i352, :956), or "good

enough" (Simon, 1979, to a variety of "iil-struczu -- 9 problems" (Noweil &

Simon, 1972), or a "semi-erratlc" environment (Brunswik, 2952, 956).

What are the requirements for quasi-rational organizing priticiples? As in

the case of the polar organizing principles, quasi-rational organizing

principles must be functionally compatible with those task conditions

that induce quasi-rational cognition. That is, in congruence with the

Cognitive Continuum Theory, quasi-rational organizing principles must be

capable of incorporating information from both sets of conditions, for both

will be present in the task. Therefore, such principles must be capable

of incorporating subjective and/or objective measurement of the cue data,

be capable of incorporating a large or small number of cues, many of

which may be contemporaneously displayed and/or sequentially displayed

(see Table 1, Appendix A, for further specification).

The weather forecaster, for example, who looks at the data from

instruments, and also looks at the sky, incorporates data that are

objectively measured with data that are subjectively measured. The

resultinq forecast thus incorporates the objective cue data read from

various instruments in sequence, combined with the data from the many

i -I
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subjectively measured perceptual cues contempor.,eousl! disol- ,ed in the

sky. Similar examples can be provided by farmer's judgments regarding

which crops to plant, physician's judgments regarding diagnoses, etc.; in

general, examples can be found in any case in which fully analytical

models of the task are unavailable.

Quasi-rational cognitive activity that incorporates both analytical

and intuitive properties is functionally compatible with such quasi-

rational tasks, not only in the static sense indicated above, but also in

a dynamic sense; that is, quasi-rational cognitive activity is capable of

moving from one type of activity to the other in relation to the same

task. (See the discussion under Premise 4 in Hamond, 1980.) This

hypothesized alternation is functionally compatible with quasi-rational

tasks because many such tasks are themselves dynamic; that is, they change

over time; see Hogarth (1980) for an excellent presentation. Such

alternation allows intuitive judgments to check and perhaps revise

analytical answers, and vice versa. (There is growing interest in the

apparently regular alternation in the dominance of cerebral activity in

the right and left hemispheres of the brain; alternation will be

discussed in greater detail below.)

Conceptual compatibility requires that the analytical and intuitive

aspects of quasi-rational organizing principles must be related to the

other properties of these modes of cognition. Thus, for example, according

to the conceptual network described in the tables in the appendix, elements

of analytical organizing principles must be reported accurately by subjects,

although the intuitive elements of intuitive organizing principles will not

3;h
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be. For example, such heuristics as availabili_ yii ,Jre.-.tativiuss

(Tversky & Kahneman, 1974), are not described by subjects who use them.

The current dispute over the vaiu _ of verbal reorts (see, for examrn1e,

Ericsson & Simon, 1980) can, therefore, be set aside; the value of s-cX

reports depends on the properties of the task and the asscciated cha-a.-

teristics of cognition induced by them. (Verbal reports are also treated

in detail below.)

In short, quasi-rational organizing principles will incorporate some

of the properties of intuitive organizing principles and some of the

properties of analytical organizing principles; how many, and which,

elements of either depends on the number (or prorortion, we don't know

which) of task properties that can be classified as intuition- or

analysis-inducing.

The degree of functional effectiveness of various quasi-rational

organizing principles will be dependent on their ability to meet some

of the analytical demands for logical defensibility and some of the

demands for empirical verification. As task properties become more

conducive to analysis, and as the structural and behavioral supports for

analysis become increasingly available, cognitive activity will become

less quasi-rational; that is, cognition will exhibit more of the

(positive and negative) characteristics of a fully analytical system

because circumstances make it possible to employ such systems. And, of

course, the reverse is true; as task properties reduce the supports for C,

analysis, the (positive and negative) cognitive properties of intuitive

cognition, (indicated in Table 1, Appendix A) are induced, and anialysis

0,
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disappears. (See Hammond, 1980, for a discussion of the positive and

negative attributes of both modes of cognitio.)

Predictions Regarding the Employment

of Various Orqanizin2 Principles

Intuitive Organizing Principles

Intuition-inducing tasks induce the use of a weighted averaging

procedure as an organizing principle (see Anderson, 1973, 1974, for the

most detailed theoretical and empirical research regarding this organizing

principle; see also Hammond, Stewart, Breuner & Steirmann, 1975; Hammond,

1980; Hammond, et a!., 1980). The weighted averaging procedure refers to

the circumstance in which many contemporaneously displayed cues are

weighted, added, and divided by their weights. 'his prediction is not

only specific but singular; no organizing principle other than a weighted

averaging procedure is apt to be employed in the polar task circumstances

defined as intuition-inducing.

Analytical Organizing Principles

In sharp contrast to the singularity of the above prediction, in

those tasks defined as analysis-inducing, subjects will employ a variety

of principles for organizing information. Such principles include, for

example, (a) mathematical logic (e.g., simultaneous equations in word-

algebra problems), (b) statistical logic (e.g., Bayesian or Fisherian

statistics in situations involving uncertainty), (c) propositional logic

(e.g., modus tollens, modus ponnens), (d) problem solving strategies

(such as opening and end-games in chess), (e) scientific laws and formuli

(as in physics and chemistry), and (f) ideological maxims (in political

iP
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debates), and other principles more specific to poblems more restricted

in scope (e.g., puzzles involving mechanical arrangements).

Quasi-rational Orqanizing Principles

When task nropcrties induce quasi-rational cx'gnition, craanizinc

principles will, as indicate.i above, contain elements of oth types of

the polar organizing principies described above. Thre precise manner in

which this combination occurs can best be explained by considering in

some detail the shifting locus of vicarious functioning in intuitive and

analytical cognition.

The Shifting Locus of Vicarious Functioning in Cognition

Vicarious functionin refers to (a) the substitutability of cues and

(b) the substitutability of responses on the 7-o of the organism with

regard to goal achievement. In the '30s and '40s these phenomena were

described on the perception side as "cue-family hierarchies" by Brunswik

(1952, 1956) and on the goal achievement side as "habit-family hierarchies"

by Hull (1934). The emphasis given to the concept of vicarious functioning

by Tolman and Brunswik (1935) (see also Heider, 1958) marks one of the

major theoretical innovations of the 20th century. Yet this concept has

still not been given either the prominence or elaboration it deserves in

psychological theory in general, nor in cognitive theory in particular;

for example, no generally accepted term exists that refers to this type

of behavior. (Because the term "vicarious functioning" will be unfamiliar

to many readers, it will occasionally be accompanied here by the words

"mutual substitutability" in order to reduce terminological barriers.)
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To be concrete, vicarious functioning re:fers to the capacity of an

organism to use a variety of cues, as, say, in the perceptio.; of size,

distance, etc. Thus, for example, if the cue of interposition (nearer

object blocking out a part of the appearance of a more distant object) is

not available in the environment, human beings can use the textural

gradient cue (coarseness in the foreground yielding to a finer texture in

the distance) instead, and vice versa. Thus, one cue functions

"vicariously" for another. (This description of perceptions is not, of

course, unanimously accepted; cf. Gibson, 1979, for a different approach.

Irrespective of differences in current theories of perception the

Brunswikian approach is the source of this concept.)

As Postman and Tolman (1959) put it subsequent to Brunswik's death:

"Cues can be used interchangeably so that different patterns of cues can

lead to equivalent results. Similarly, different motor responses can

result in equivalent behavioral achievements. This is the principle of

vicarious functioning which is the essential underpinning of adjustment

to an environment which remains partly erratic" (p. 553). Despite its

obvious relevance to cognition, however, few judgment and decision

theorists have given this important concept a central place in their work.

Einhorn, Kleinmuntz and Kleinmuntz (1979) do, however; indeed, they argue

that: "The process of vicarious functioning by which equivalent judgments

can result from different patterns of cues is central to any theory of

judgment" (p. 465)

Vicarious mediation is a parallel concept that carries the same

meaning as vicarious functioninq (mutual substitutability) but applies to
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the environment -- ther tnan the orq _nism. Thi: oi was also ,ntr,(racc

by Brunswik and is linked to the term "re. und-. y" u.:ed by Lr,'mati-n

theorists. The combination of vicarious flnzcionlng and vicarious media-

tion links the flexibility of the behavior of higher organism.s to the

semi-erratic "causal texture of the environment" (Tolman & Brunswik, 1 9-1,j1

and provides the basis for the "lens nodel" of behavior (Bruniswik, 1952,

1956). Because high degrees of vicarious functionina (mutual subst.itutabie

cues in perception, and mutually substitutable imeanz to an end with regard

to goal achievement) are observed in all hiqj~her ortjahisms, it is presumed

to be an adaptive mechanism that provides selective advantage fo an

organism in an environment that offers a high degree of vicarious mediation.

Unfortunately, few analyses have been made of .m rount of vicarious

mediation offered by specific naturalistic environments in which huran

beings judge, decide and solve problen.s. (Brunswik, 1956, considered

such analyses to be "propadeutic" to the development of a "functional

psychology;" Brunswik, 1956, p. 119ff; see also Hammond, 1980, in which

a theory of task structure is described.)

An example of what such propadeutic analyses offer for the work of

cognitive psychologists is provided by the list of costs and benefits of

vicarious mediation put forward by Einhorn, et al. (1979). They indicate

that the benefits of cue redundancy (vicarious mediation) are these:

"(a) Information search [can be] limited without large losses in predictive

accuracy; (b) attention [can be] highly selective; (c) dimensionality

of the information space is reduced, thereby [reducing] information

overload; (d) intersubstitutability of cues is facilitated (Hammond, 1972);

ii - ,-
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Princi--icL cf Organization

19

and (e) unreliability of cues is alleviated by ha% .g mur.iple nkasures

of the same cue variable" (p. 466).

Einhorn et al. (1979) then list the costs &f cue redundancy

(vicarious mediation) thus: "(a) Trade-offs b*etaeeri cu-s are prcblematic

when they are correlated . . . (b) Although selective attention is aided

by redundancy, it is still possible that some attentional effort will be

wasted on cues that are not marginally predictive (i.e., ecologically

valid: KRH). (c) The belief that one has made use of many cues in forming

one's judjment (Shephard, 1964), together witn (b) can lead to over-

confidence (Oskamp, 1965; Ryback, 1967). (d) The difficulty of learning

fruir, outcome feedback has been found in studies of multiple-cue probability

learning and interpersonal learning (e.g., LinC_,_,. & Stewart, 1974;

Mumpower & Hammond, 1974)" (p. 467). (Empirical studies of the effects

of vicarious mediation have been carried out by Armelius, 1979; Armelius

& Armelius, 1974, 1975; Brehmer & Hammond, 1977; Lindell & Stewart, 1974;

Mumpower & Hammond, 1974; Knowles, Hammond, Stewart & Summers, 1972; and

Knowles, Hammond, Stewart & Summers, 1971.)

Such analyses enhance our ability to understand the relation between

task properties and the forms of cognitive activity induced by them.

Thus, for example, the above remarks by Einhorn et al. (1979) indicate

that differences in the degree of vicarious mediation (cue redundancy)

in cognitive tasks induce differences in the degree of vicarious

functioning in the behavior of the organism. That relationship is made

explicit in the predictions put forward in the tables in the appendix to

this report.
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The Shifting Locus of Vicarious _u,ct:n!I nq

in Relation to Intuitive and Analytical ,e.:.of , n; n

The present theory argues that although vicarious func-zoning occurs

wit. respect to cues in intuition-inducing ta!.ks, vicaricus; fur._tuor.Ing

occurs in connection with organizing principles in analysis-inducing

tasks. As task properties induce cognition to shift from intuition to

analysis, vicarious functioning shifts proqressivcly fromn the proximal

to the central region of the cognitive system. Specificaily, at the

intuitive pole of the cognitive continuum the oi ,rI;.inq principle

remains fixed in its form as a weighted averaging procedure; it is cue

utilization that is vicarious; that is, cues may be added, omitted, or

substituted for one another, either because t -< .vironment changes or

the organism seeks themn out; and cue weights may change as new cues are

added or omitted. The organizing principle remains the same, however; it

is a biological univetsal for mar (and perhaps other complex organisms

as well).

The reverse situation holds at the analytical pole; for any given

task cues are fixed in their number and content, but organizing prin.'iples

will be substituted for one another during the problem solving process.

Thus, for example, a physics problem offers fixed information; in order

to zrive it the subject must search for the correct organizing principle

(algorithm) among competing organizing principles. A condensed version

of this argument appears in Table 1 below.

E.
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Intuition Analysis

cue variable fixed

organizing fixed varjible
principle

At the intuitive pole, cues are rarely if ever perfectly mutually

substitutable; that is, ecological intercorrelations among cues rarely,

if ever, reach unity in natural environments (although a propadeutic

environmental analysis might teach us otherwise).

The extent to which the subject can find perfect mutual substitut-

ability among analytical organizing principles depends on their mutual

substitutability in the nomological network c . analytical principles.

In a highly tautological system such as mathematics, for example, a high

degree of such mutual substitutability exists; it can be found by a

subject with the requisite knowledge. That is, the same answer may be

produced by numeric, algebraic, geometric or other equixalent mathematical

means. As the task becomes more substantive in form, and thus becomes

reduced to the nature of a mechanical puzzle, the mutual substitutability

of analytical organizing principles will be reduced. There is no

substitutability between the principles employed in the solution of the

nine-dot problem, say, and the repairing of a watch. In short, the

greater the substantive constraints, the less substitutability to be

found among formal organizing principles.
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The Role of Vicarious Function~ny in Quasi-rC-tnic. - Ccqnition

The above table is described as "condensr-di bec im i'_ ::cr'-S

the locus of vicarious furnctioninq (only -t the 1:&'.ai cxtremeL of the

cognitive contin.am. In tha more freqaently oicurring tasks tnat li2

between these polar extremes and that induce quasi-rational cognition

a more accurate representation is tie following:

Tab] e 2

Intuition Quasi-rationality Analysis
vicarious functioning

.n cues

vicarious functioning

less in organizing principles

The diagram in 'fable 2 thus represents the continuous nature of

cognition and, in particular, indicates that quasi-rational cognition

involves vicarious functioninq of cues as well as vicarious functioning

cf organizing principles. The diagram is intended to indicate that at

the intuitive pole of the cognitive continuum, vicarious functioning

appears a part of the process of visual perception; it occurs at the

:-roximal region of the organism in the form of the intersubstitutability

iAf --.ch cues as linear perspective, interception, textural gradient, etc.

k:, task conditions reduce the role of visual perception, and concomitantly

the role of ntuitive cognition, and as analytical cognition increases,

quasi-ration,-i cognition increases, and therefore, vicarious functioning
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will appear at the central, as well as at the r ro> il, region, and will

be manifested in the appearance of more than c-e nr( nizinn in.-:Lpe. At

the analytical pole perception disappears; loically based oraanizing

principles now determine solutions. (This description of the mo)st

frequently occurring form of cognition is consistent with toe difficulties

all human beings experience in their efforts to c:rmDur, icate their cocnitave

work to one another, as well as the difficulties all human oeings experi-

ence in attempting to reduce disputes that arise from the quasi-rarionai

process of judcment and decision making.)

The study of risk analysis (loosely termed "risk perception,"

(Slovic, Fischhoff, Lichenstein, Derby & Keeney, 1981) provides a useful

means for illustrating the shifting locus of z -;ious functioning.

Suppose naiv- sunijt'cts are presented with an ecologically representative

aerial (pictorial) view of a nuclear power plant located in the midst of

a metror olitan center, and are asked to judge the deqree of risk to which

the citizens in the surrounding area are susceptible. In this task, the

subjects are faced with task conditions located near the intuition-

inducing pole of the cognitive continuum. Such task properties induce

both perceptual-intuitive cognition and analytical cognition, and thus,

quasi-rational cognition. That is, various perceptual cues such as

density of housing, population of persons, etc. will be contemporaneously

displayed and subjectively measured by the subject. Vicarious functioning

will therefore occur at the proximal region. This perceptual material

will be orqanized into a part of the judgment of risk by a weighted

d', ragpo organu-zational princi ,.. But the peieptually-derived material

L AJ .... ..... .. ..... .... ... .... .J



must also oe -,rgarizec; r integrste6 wihh wry: - :Ljrct aeacy ow

or believes (oz nerceives) to be tra-_ about , d -. e. .

plants. As the sub eco brings thcsu L.rve -nci an iyt2cal forrs of

cognition toge, er (tr.e reiceutu.x, ri-ti. raater~al rapidly an

unconsciously, tie ana~ytic.ai material sowly and with more awareness) a

variety of organizing princcipler" wil be employed at the z-entral region:

The more the subject knows (or beiives --he/he knows, about the manner

in which nuciear pla ts function and the spccific :strr-cture of the plarT

under consideration, tne greater the nunber of ,r,3anizinq principles that

will be ava iable to hin/her, aLd the more aware of them the subject will

be. Thus, vicarious -functioning will occur at both proximal and central

regions in accord with quasi-rational cognita, . 3ut if the risk asso-

cia.ed with a nuciear plarint s to be calculated whoilv analytically (as ,

for example, engineering reports such as the Rasmussen Report puiport to

do), then perceptual functions will nor be involved at all; there will be

nc risk perception, for we have now reached a form of pure analysis in

which perception has no function.

As a further illustration of the shifting role of vicarious func-

tioning in this example, consider the movement aloag the cognitive

continuum in the opposite direction, from full (engineering) analysis to

quasi-rational oroanizing principles. Should it turn out that not every

aspect of the analysis of risk regarding the nuclear plant can be fully

justified from a wholly analytical procedure, then the door will open to

quasi-rationality, for judgments will be induced (persons will bein to

discuss the "weight" or "relative importance" of various "factors"), and

'0
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quasi-rationality will increasingly replace analyt-cally-produced answers.

Quasi-rational organizing principles will a'rrar, touether wiz: their

associated properties of low awareness, lack of retraceability, lack of

consistency, and other properties noted in Table 1 (Appendix A). Contro-

versy and debate will now occur because it is precisely at the point where

judgments produced by quasi-rational cognitive activity w_ll be applied

that different organizing principles, explained and described with greater

or lesser degrees of awareness, will be brought to bear on a bounded set

of fixed, stable data.

If task conditions induce cognitive activity to move increasingly

further away from the (perhaps false) security of full analysis toward

even greater degrees of intuitive cognitive ac.ivity, vicarious functioning

will be increasingly reduced in scope at the central region, cognition

will become less conscious, and the organization of information will

occur more rapidly; cues will now begin to function vicariously and begin

to be employed with reduced awareness, and we return to those appraisals

of risk that combine intuition and analysis (and which are inevitably

employed to form social policy; see, for example, Hammond, 1978; Hammond

& Adelman, 1976; Hammond, Rohrbaugh, Mumpower & Adelman, 1975; see also

Slovic et al., 1981). If task conditions require the risk appraisers to

increase further their reliance on visual perception, or otherwise increase

their reliance on task conditions that induce intuitive cognition, then

we will have returned to the first situation described above; judgments

will be almost wholly a function of an intuitive organizing principle,

the weighted average procedure. Thus, the differential locus of vicarious
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functioning marks a major difference betwe~n coqr.i-on that ;roduct~s

judgments, and cognition that produces answer-;. vr< :ourE. "-e -u:rcnt

use of the term "risk perception" to cover all of these Lask conditions

is inappropriate; it obscures the distilction between intuition ana

analysis.)

Summary

The concepts of vicarious functioning and vicarious mediation were

introduced and described and their importance for tneories of cognition

indicated. The shifting locus of vicarious functioning from the proximal/ J

peripheral region of the organism to the central re ion as task properties

induce cognition to move from intuition to analysis (and vice versa) was

also described. An illustration of the applic. - n of this aspect of the

Cognitive Continuum Theory to a real world problem was also providec.

The hypothesis regarding the shifting locus of vicarious functioning

from cues to organizing principles as cognition moves from intuition to

analysis (and vice versa) deserves both theoretical and empirical explora-

tion in its own right, but in this report we explore its potential for

unifying what are now disparate, noninteracting approaches to cognitive

psychology, primarily the work in problem solving and the work in judgment

and decision making. (See Pitz & Warren, 1980, for an integration of

information processing and decision theoretical approaches in relation to

vocational choice; see also Einhorn et al., 1979, for a detailed linkage

between judgment and process analysis; see Estes, 1980, for a discussion

of judgment and decision behavior in the field of cognition generally;

see also Wallsten, 1980.)

,JC
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The imolications of Shifting Vca.,ocus Punctioninq

for a Unifying Theor,

It is a curious but undisputable fact t-I-t there s virtually no

serious interchange between theory and resea.ch in problem solving and

theory and research in judgment and decision making. The author index to

Simon's (1979) collected papers contains the names of only two of the

names contained in the author index of a review of the six major approaches

to judgment and decision research by Hammond et ai (1980). And the

reverse is also true; the author index of the j er contains almost

none of the names of the authors in Simon's book.

There are, no doubt, several reasons for the disparate paths taken

by students of judgment and aecision making and students of problem solving.

But at least one reason for the divergence was made clear by Simon in 19S7

in an introduction to a reprinting of a number of his papers (Simon, 1957).

There he takes pains to distinguish his view of human cognitive activity

from that of contemporary prominent judgment and decision theorists (e.g.,

savage). After acknowledging their many positive contributions, he states:

Having said this, I must record my judgment, which is at

the present time very nearly the judgment of a minority of two,

that the approach taken in the theory of games and in statistical

decision theory to the problem of rational choice is fundamen-

tally wrongheaded. It is wrong in precisely the same way that

classical economic theory is wrong -- in assuming that rational

choice is choice among objectively given alternatives with

objectively given consequences that reflect accurately all the
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complexitie., of the real world. it is rc -n ;rr.

ignoring the principles of bounded ratio .. to

erect a theory of human clice on the snru s . _ sur: on',

of virtual omniscience ar.! unlimited ccmtia power. - 2

This explicit distinction lea to, or at least >':., b,-ri ir> iW d wA.,

disparate approaches to cognitive psycholoqy iror, then urti, o', n rs.oAte

the fact that considerable overla[ existei betv-r, Sirrc>, concept c

"bounded rationality" and Brunswik's concept of "quasi-ritionality'"

(Brunswik, 1952, 1956 ; see Hammond, 198j, pp. Z:-4,', for a discussion of

the relation between them, which Simen never seems to have noticed,

although their work on this topic appeared at about the same time; there

are no references to this concept in any of hiq brxoks or p_-pers.) But th)e

"minority of two" has increased to wI.at is now a miJority that incluies

even a majority of judgment and decision researchers, particularly since

the introduction of the work on heuristics by Tversky and Kahneman (1974;

Kahneman & Tversky, 1979). "Bounded rationality" (or the concept preferred

here, "quasi-rationality")is the theme that is serving to identify common

points of view among workers in the fields of problem solving and judgment

and decision theory.

Simon's general description of bounded rationalit. indicates that

it meets our criterion of functional effectiveness. For example, he

indicates (p. 3) that "Satisficing provides an ec,-ape from the difficulty

that, in a complex world, the alternatives of actioi, are not given but

must be sought out. Since the search qenerally takes place in a space

that is essentially infinite, some stop rule must be infused to terminate
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problem solving activity. The satisficing criteriot, provides that stop

rule: Search ends when a good enough alternet:ve is found." Lut Simon

offers no specification of the boundary for the functional effectiveness

of bounded rationality, yet such a boundary certainly must exist. Clearly,

satisficing is functionally effective only in those task circumstances

when "good enough" is acceptable; but perfectly determined, wholly

analytical, error-free tasks will not accept approximate answers.

Bounded rationality also appears to meet the criterion of functional

compatibility (compatibility of the organizing principle with properties

of tasks)that share some characteristics with those employed by judgment

and decision theorists, thus: "Satisficing also provides a solution to

another problem of complexity . ... When the . erion of problem

solution or action has more than one dimension there is the matter of

calculating the relative merits of several alternatives, one of which

may be preferred along one dimension, another along another. The economist,

unconcerned with the boundedness of rationality (concerned only with the

analytical pole of cognition: KRH) solves the problem with the help of

marginalism . . . . The satisficing rule, which requires no such calcula-

tion . . stipulates that search stop when a solution has been found

that is good enough along all dimensions (italics in original)" (p. 3).

This description brings Simon closer to the judgment and decision

researchers, but, curiously, further from problem solving research. For

many of these tasks employed by Simon and his colleagues in their studies

of problem solving will not accept answers that are merely "good enough."

For example, because the Tower of Haroi problem and the missionary-cannibal
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problem are wholly determined, er:or-free tasks, w:11 not Accerit

answers that are less than perfect, that is, -nswers tbht rh - fJtV:

thE problem. "Good enough" may a,)ply t(. the methods (the heuristics) b,

which the answer is achieved in these tasks, but not to the ar-swer. In

other task situations (e.g., those with the task properties indicate-i in

Table 1, Appendix A) that induce quasi-rational cognition "gocd enouah"

may, and it is argued here, does, apply to both method (or process) and

an swer.

In addition to what appears to be a lack of speci.fication regarding

task conditions to which the concept of bounded rationality applies, it
4

also fails to achieve a high degree of conceptual compatibility; that is,

its relationships with other psychological pi. e3, its nomological

network, is not clear as it might be. The difficulty is that its rela-

tionship to the psychological processes that are used to describe the

cognitive activity in specific problems or task situations is not

indicated. The term "bounded rationality" or "satisficing" does not

appear as an explanatory principle in connection with experimental work

in problem solving; it is not referenced in the 1979 collection of Simon's

papers, save for its appearance in the original 1955 and 1956 papers.

(See Hammond, 1980, for further examples.)

In short, despite the wide use of this concept, it remains detached

from experimental work. Therefore, it is not surprising to find criticism

of the gap between theory and practice. For example:

The primary problem with bounded rationality and heuristic

theories has been stated succinctly both by Pitz and by Slovic,



Pri:.,ci .s of Organization

3i

Fischhoff and Lichtenstein:

as yet the assault on normer.-'-e a.> >aches

decision theory led by the concepts f 1xbcrIced xitionality

and heuristic theory, has not been dev,*.o,,ea t, thie point

where a systematic model will lead to te3t ple predictions.

The experimental support for these alterna: iv,

mstly of demonstrations that, under ap.orol.r.at-e conditions,

subjects will behave in an irrational manrn.r" Wirz, 1.77,

p. 420).

the evidence . . suggests that the heuristic

selected, the way it is employed, and the accuracy of the

judgment it produces are all highly :rob _ -. clfic; they

may even vary with different representations of the same

problem. Indeed heuristics may be faulted as a general

theory of judgment because of the difficulty of knowing

which will be applied in any particular instance" (Slovic,

Fischhoff & Lichtenstein, 1977, pp. 5-6).

The problems with these theories as they are now formulated

in no way detracts from the important experiments they have

inspired. The experiments have demonstrated convincingly that

judgment is influenced by the task, that different features

of the task are attended to and processed under different

circumstances, and that simple algebraic or normative models

will not describe judgment in any satisfying and complete

fashion. Thus, "bounded rationality" and "heuristic" theories



should not be abandoned. Raz.Inr, 'i ,*it .. )uldtLJ

in such a manner that they apply ovmr ,u"

but can be tested riqorously in dn,; i.ic, >r J1:atiir.

(Wa!!sten, I9dC, f- 220) [N,;ce: cf. Br'i.-'..ik i , ; o 9cr.

One way to close this cap is by observing tim sifting 1o: :.-

vicarious functioning in relation to intuitiv ; and a.,ticai Jar :11r,;

principles. We begin by showing the convergence oi tl.e concept of

vicarious functioning and "shifting strategies."

Vicarious F-unctioning of Organizing Principles ard "Shittin Strateqies"

Simon's emphasis on "shifting strategies" (Simon & keed, 1976:

Simon, 1975) in probler solving is clearly compatible witn the propcsition

regarding tne vicarious functioning of analyt- .. :rqanizinq principles.

("Shiftingq strategies" include, for example, such specific strategies

as "balance" and "means-end" strategies in the missionary-cannibal

puzzle.) The explicitly general strateqies (such as "means-end") are

called "heuristics" in much the same sense as Polya (1954) used the term,

and much as it is used by Tversky and Kahneman (1974), who, unfortunately,

alsc, on occasion refer to certain heuristics as "cues" (see Hammona c-t

al., 1980, for comment). These strategies are organizing principles, or

heuristics, that are "good enough." Such organizing principles are to

Le sharply7 distinguished from fully analytical algorithms ( ee Polya,

1954).

The con-lusion that organizing principles chanqe C"shift") durin

the course of problem solving is consistent with the hypothess offered

i here with regard to the locus of vicarious functioning in analysis-inducinq

"0
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tasks (such as Tower of Hanoi and the river-crossing tasks such as

"missionary-cannibal"). We explore this slaw 2iritv vie'. th(r

below, but first we explore further sioeil aeitwee judgjment anci

decision research and problem uo vi-cq rescaryh witr, regard to descriptions

of task environments in termu of their _formal and substanti-vx character.

Formal and Substantive Descriptions of Task Env.:-ci.ments;

Simon and Hayes Ul976) approacn this disti Lrn ir this way:

The problems used in this study were thirteen variants

of a single problem, all formally isomorphs of the Tower of

Hanoi puzzle. That is to say, successive situations -Ln these

task environments could be mapped in one-to-one fashion, on

arrangements of disks on pegs in the Tow: ,: anoi puzzle;

and legal moves for each of the problems could ne mapped into

legal moves of the Tower of Hanoi. In fact, any of the

problems could have been solved by mapping it into the

corresponding Tower of Hanoi problem and then solvinq the

latter. No subject did this, and only two or three even

thought of trying, or noticed the analogy. The problems,

then, were identical in formal structure, but differed in

their "cover stories." (see p. 478, Simon, 1979)

Thus, Simon and his colleagues describe the difference between the

formal structure of the task and its various substantive "cover stories."

A similar distinction has been made for some time in judgment and

decision research (see, for example, Hazmiond, 1966, np. 68-75; see also

Hanrrnd ct al., 19?/; Hammond et al., 1980). The distinction is also
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explicit througnout Brunswik's J.956) fescrot:. the need fo- the

representative design of experiment . He C,--i ,.i c_ gr tuito

generalization of results obtained frcn, experimcnts (or "task environ-

ments") that are formally identic.i to those tasky envarornments which

are formally different, and insists (correctly) that such overener&t:zL-

tion is a conmmon, pervasive error in psychological research. (wln o it

remains; see Hanmond & Wascoe, 1980, for descripttons of currenL kexarnpl,:-

of work that results in extravacent overgeneralazJiron in social

psychology.)

Tere is a parallel in judgment and decisicn research to the "work

Simon and his colleagues have done with regard to the variety orqanizinq

principles developed by their subjects Ln tas'. :. onments that have a

singular formal structure, but present different "cover stories" to the

subjects. For example, Anderson (1974) and his colleagues use judgment

tasks that are formally identical, but which offer different substance

(or content), and their subjects' behavior is also examined with regard

to the different organizing principles (e.g., adding rule, averaging

rule, etc.) such "cover stories" induce in the subject.

There is a clear difference, however, between the orqanizinq

principles evoked by the Tower of Hanoi and its problem isomorohs arct

tucac_ evoked by judgment tasks and their formal isomorphs such Cs those

used by Anderson and other judgment and decision researchers. One such

difference is that the organizing principles evoked by the former are

reportable strategies; that is, the subjects report their strategies to
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the experimenter (who then attempts to model -thtt) in the !atter case,

organizing principles are (almost) never rerx),-i. 7,i s bra:., u V,

the theoretical basis of "reportable" and "nonfew,rtable" oraanizinq

principles.

Verbal Reports

Acknowledgement of the shifting locus of vicarious functioning

renders sourious the debate between those who drgue tnat verbal reports

concerning cognitive activity are useful because they are accurate and

complete (e.g., Ericsson & Simon, 1980) and those who argue that such

reports are neither, and therefore useless (see, c.q., the work by

judgment and decision researchers generally; see also Nisbett & Wilson,

1977, for a review).

The debate can readily be resolved by observing that in general those

who have argued for tfe utility of verbal descriptions of cognitive

activity have concerned themselves with behavior in problem solving task.;;

that is, with the behavior of persons consciously attempting to employ a

variety of analytical organizing principles that will produce a perfectly

correct answer in a task situation that will accept nothing less. In

these task situations, where vicarious functioning occurs in relation to

organizing principles (or heuristics) that will be consciously manipulated

or changed by the problem solver, it should not be surprising that verbal

reporting would be found to be accurate and useful. And, of course, the

manipulabilitiy of task materials makes verbal reporting of cognitive

activity easy for the subject; such motor activity provides visible,
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structural support for recall ard retprtab iuty. ri trC! other h-.', uc.

researchers who study human judqrent in task Fl. i uazi ,rs art- -1111

rationality, rather than analysis, are studying behavior in si-uwt;: in

which vicarious functioninq occurs at oto the ,roximai reqior j - t-,e

central region. As a result, they find verbal reprting of coTnitav

activity to be less accurate, as they should; vicarious fuJctoning at th

proximal region is not under conscious control. Ana, of course, ta.]4

materials are not manipulated in judgment and decis.,on research, and this

structural support for recall is not available. As as.< propertie., inciuc,.

the subject to become more intuitive and less analytical, and :hu : to

employ the weighted average procedure in the process of organizing infor-

mation into a judgment, verbal reports become accurate; more to the

point, verbal reports begin to serve a different purpose for the expeyi-

menter. They indicate artifactual constructions that mislead during the

process of social interaction, thus impeding interpersonal learning and

increasing interpersonal conflict (as judgment and decision researchers

have found in their research; see, for example, the work by Brehmer and

his colleagues; e.g., Brehmer & Hammond, 1977).

To be specific, subjects Thould not report with competence regardin

the principles they employ to organize information in intuition-inducinq;

tasks, for (as indicated above) if the subject is confronted with a larq

number of contemporaneously displayed cues that require subjective

measurement, the subject will be unable to specify with exact accuracy

which cues were utilized, or to report accurately on the relative weights



assigned to the cues that were utilized, much ies- t,. n ase wr,-t.i:

the weighted cue values were added, and even >h le:c whet>. - in Wer,

divided by the products of the weights for e~ch cue (see tahics -n the

Appendix). Nor should subjects report compl, te]l' ana accurately or

their cognitive activity in those task situations that induce q-asi-

rational cognitive activity, where they employ not.!. types of organizing

principles; for in such task situations they are aware of only part of

their cognitive efforts.

The matter of the utility of verbal repoits is embedded in another

issue as well, however, and that concerns the paramorphic (Hoffman, 1960)

status of an organizing principle, a topic that, in spite of its signi-

ficance, has been neglected in relation to ti . ±:rcssion of the accuracy

of verbal reports.

The value and necessity of paramorphic descriptions of principles of

organization. Two types of objections have been raised against the utility

of using descriptions of principles of organization that are statistical

models (e.g., weighted average). One is that no subject has ever reported

engaging in such cognitive activity; another is that subjects could not

possibly engage in it. Failing to accept the paramorphic nature of such

models (see Wallsten, 1980, pp. 216-217) in favor of molecular "list

structures" of a sequence of cognitive operations creates a clear and

definite gap between problem solving research and judgment and decision

research. For the vast majority of judgment end decision researchers do

accept the value and necessity of the concept of a paramorphic model
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(introduced with sKill and cogency by Paul 196ftnU-, in i9.0; ioiman, j9fu).

And as we shall see immediately below, the conce-ut 6b 'h

description of cognitive activity not only can, ou iL-, used in a vlu..le

and necessary way in problem solving research; ic describes r-,- .tcgs

"shift," that is, how one problem solving heuristic .s given up for

another.

It may well turn out that the well-known predictive utility of tne

weighted average procedure is somehow false and micl _adinri. But the fa t

that subjects do not report such cognitive activity should not weigh

against the plausibility of its explanatory value, nor should the argument

that subjects can not report such activity weigh against the plausibility

of its explanatory value. Subjects do not re:::o- t-he fact tflat the gas

laws describe their respiratory activity, or the fact that other physical

and chemical laws control other physiological functions, nor cCould naive

subjects ever be expected to do so. In short, the value of par.morpnic

models of intuitive and quasi-rational orqanazinq principles need not be

questioned on these grounds. The plausibility of the explanatory value

of the weighted average procedure must rest on (a) its empiricai predictive

validity and (b) its coordination with the other concepts in the conceptual

framework that accounts for all cognitive activity. Reportability is

irrelevant to questions of valid representation. I now turn to speciiic

experiment which will provide an empirical example of utilitv of a unified

approach.
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The Function of A Paramorphic Judgment Model in ?,blem Solving Research

In the context of constructing a model c . the cogr,.itive proccs,;es

employed in the missionary-cannibal river-crossing problem, Jeffries and

her colleagues (Jeffries, Polson, Razran & Atwood, 1977) indicate Lnat

a major component of their model is an "evaluation process" (p. 416,.

(That evaluation process is what any judgment researcher would recognize,

and describe, as a judgment process.) The evaluation, or judgment, occurs

at the stage of problem solving when the subject makes " [an) assessment

of how close each problem state is to the goal . . . We assume that this

function will be a weighted sum (note the close approximation to weighted

average: KRH) of components which reflect possible solution strategies

. . . of the form e. = aM. + bC. + cP., where: -s the value of the1 1 1 1

evaluation function for state i, in which there are M. missionaries, C.1 1

cannibals, and P. missionary-cannibal pairs on the right bank" (p. 416).i

It is particularly important to note that this is a paramorphic represen-

tation of the organizing principle that occurs in-between moves taken to

solve the problem, and that it produces an evaluative judgment, one that

evaluates the distance between the results of a move and where one wants

to be. Note also that it is an evaluative judgment that has many (but not

all) o. the characteristics of intuitive cognition listed in Table 1 of

the Appendix.

The paramorphic nature of this organizing principle is recognized

by the authors, although they do not label it as such; thus: "We do not

assert that the problem solver actually performs the operations defined

C_
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by (the weighted sum procedure] to generate '-s estimate of the aesirability

of various states. We only claim that [the wiighted. sjm p- durej and

the strategies that the problem solver actually utilizes will r.roduce

equivalent rank orderings of the states of the problem" (p. 417); c5.

Hoffman (1960). This mode of cognition is, therefore, quasi-rational,

not wholly intuitive, because the values of the few (3) cues are not

subjectively measured by the subjects. That aspect of the organizing

principle is, therefore, reportable by the subject, but the (paramorphic-)

weighted sum organizing principle is not. Thus, the "evaluation

function" (the weighted sum) is the quasi-rational ("bounded rational")

organizing principle that is "good enough" for providing a choice of the

next move. Here, then, is the explicit reDrtn._,.,,tion of auasi-rational

cognition (bounded rationality) a representation not previously found in

the computer models of thought developed by Simon and his colleagues

subsequent to his introduction of that concept in 1955. There are many

indications in Simon's previous work, however, of the recognition of this

form of quasi-rationality and even its relation to judgment.

In 1962 Newell, Shaw and Simon (see Simon, 1979, p. 149) mentioned

(under the heading "Preliminary View of Problem Solving Processes") that

One useful distinction differentiates processes for finding

possible solutions . . . from processes determining whether a

solution proposal is in fact a solution . . . This is a dis-

tinction that is often made in the literature in one set of

terms or another (recall that these authors are writing in
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1961: KRIH). Johnson (1955), ft'r example, 6-s::inguishes

"production" processes from "judgment" processes in a we ;

that corresponds closely to the distinction we have just

made. We prefer to call the first class of processes solution

gererating processes, and the second class verifying

processes" (italics in original as indicated) (p. 149).

This paragraph is followed by one describing "solution generating processes"

but there is no further discussion of the "verification process," that

Johnson called a judgment process, nor is this term indexed. And it is

not easy to find "verification processes" explicated, represented or

described in the computer models of thinking that are presented by Simon

and his colleagues. "Judgment" (perhaps becal..: c.f its association with

the approach taken by those "wrongheaded" judgment and decision theorists?)

seems to have no readily identifiable place in Simon's cognitive theory.

But it should have, and its recognition will help to clarify the distinc-

tion between "generation" and "verification;" both need explication, even

though only the former seems to have received it.

The introduction to the "evaluation function" by Jeffries et al.

(1977) provides the needed distinction between the process that (a)

qenerates heuristics ("balancing" or "means-end" strategies in the

missionary-cannibal puzzle) and (b) the process of choosing between these

heuristics that assigns different weights (a concept never employed by

Simon but invariably employed by judgment and decision researchers) to

cues. The study also illustrates the role of quasi-rationality (bounded



PlrncipJem of Orqanizaton

42

rationality) in providing feedback for the proKmrr. .olver re ardin th

utility of the choice of moves in tasks which _) noic -rcvidt j-recciiqe

outcome feedback.

For example, the "evaluation function" in Jeffries et al. (10i7)

clearly refers to the process of evaluating the utility of the next rove,

i.e., planning. Newell et al. (1962), on the other hand, refer ro

"verification," that is, the evaluation of the utility of a past move;

an evaluation or judgment that offers the subj(oct eedoack in terms of

subjective appraisal of a past move. The evaliation of a past move by

the subject is a judgment of critical importance beceuse there is no

ostensible feedback information provided by the task itself (e.g., a light

does not flash on or off) with regard to the i iy of any move.

Therefore, the subject who engages in that evaluation is exercising his/

her judgment regarding whether the move was a valuable one, i.e., one that

moved him/her closer to the goal. (See, specifically, Figure 3 in Jeffries

et al., 1977.) As a result, Jeffries et al. (1977) bring into functional

contact (a) the (paramorphic) organizing principle so frequently alluded

to in judgment and decision research with (b) the (reportable) information

processing model so frequently employed in problem solving research. In

.o doing, they provide a ster toward the u.iifi('ation ),f coqnitive theory.

Nor am I alorie in believing that Jelfries et al. (1977) provide an

integrating link between these fields. Einhorn et al. (1979) also note

(p. 480-481) the relation and provide this comment:

The [study] by Jeffries et al. (1977) concerns solving

river-crossing problems (missionaries-cannibals, hobbits-ocrs,I'I
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etc.). They propose a weighted linear model and cutoff criterion

for evaluating the sequential moves in s'ch problems. patti-

cular, the three cues that are used are the number of missionarles,

cannibals, and missionary-cannibal pairs on the right bank of the

river. Furthermore, the weights given to these cues reflect

differences in strategy (means-end vs. balance, etc.). Although

this formulation is part of a more complex model that they develop,

its similarity to our position is striking. (p. 480-481)

The "more complex model" to which Einhorn et al. (1977) refer is the

simulationof the molecular structure of each of the strategies (heuristics)

that are employed in this problem. (See Figures 1 & 2 of Jeffries et al.,

1977.) Thus, we are brought to the question o: the relation between (a)

the execution, of an organizing principle (a heuristic) and (b) the

evaluation process just described (that of planning a new move and/or

evaluating the effectiveness of a past move).

Heuristics and Their Prior and Past Evaluations

The missionary-cannibal task is highly analysis-inducing; by the

criteria of the tables in the Appendix it does not lie at the polar

extreme of the cognitive continuum, but it is nearby. For although the

task demands analysis, and can be solved by an analytical procedure, it

is one for which the subject has no prior training and therefore has no

algorithm clearly available for solving it. In this regard it resembles

the tasks often employed by judgment and decision researchers who require

subjects to "solve" the problem of choosing between gambles or solve

Y-
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statistical problems without the aid of the knowledge of the calcuius

of probability. The task is thus one step or cie position tc ti-e iftr

of the analytical pole in the direction of zhe intuitive pole of the

cognitive continuum. In this task the balance strategy is apparently

employed first, then the evaluation judgment is applied; this sequence

is repeated until the failure of the balance strategy is apparent an3

then the means-end strategy is employed. This changing set of operations

leads to two different hypotheses about the manner in whicri quasi-rational

cognition functions: (a) as a compromise between intuition and analysis

or (b) as an alternation between them.

Alternation or Compromise

Hypothesis I: Quasi-rational cognition 4.z ta_ result of compromise.

This is the position taken by Brunswik (see Hammond, 1980, for an

explanation) and the position implied in the use of a weighted average

as part of a quasi-rational organizing principle. The judgment is pulled

in one direction by analysis and in another by intuition; if quasi-

rationality prevails, the result lies somewhere between.

Hypothesis II: Quasi-rationality is the result of an alternation

between intuition and analysis in which the work done by one modifies the

work done by the other; only one process is fully active at any given

moment, however.

The present theory argues that the properties of the task will

determine which type of quasi-rationality will occur. If the task will

accept judgments that are "gooo enough," then compromise will occur. If

A :
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the task properties are such that it lies near the analytical pole of

the continuum (see tables in Appendix A) then the task will -- :ept only

those answers that purport to be correct.

Statistical methods of analysis and decsription are closely associated

with the former tasks because these methods are designed to cope with

tasks that will accept approximate answers; the properties of these

tasks will not permit anything better. And, of course, we find judgment

and decision researchers using the logic and techniques of the statistical

methcd in order to understand how their subjects produce approximations,

or quasi-rational judgments, that are compromises between intuition and

analysis.

Tasks that are analytical in character will induce alternations

between intuition and analysis because they will not accept approximate

solutions that result from compromise. Arithmetic, algebra, geometry,

Newtonian mechanics, the Tower of Hanoi and its isomorphs, for example,

do not accept solutions that are "good enough" compromises between

intuition and analysis. (See the full text of Polanyi's remarks on "The

alternation between the intuitive and the formal . . . at the beginning

and end of each chain of formal reasoning," quoted in Hammond, 1980,

pp. 75-77.)

In a previous report (Hammond, 1980) quasi-rationality in the form

of compromise was described in detail. Here we turn to an illustration

of quasi-rationality in the form of alternation. [Note: I am indebted

to Robert Quinn for his many suggestions in relation to alternation.]
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Alternation, shifts in vicarious functioning, and creativity. The

Cognitive Continuum Theory asserts that when task conditions '_duct

quasi-rational cognition, vicarious functioning occurs in connection

with cues and organizing principles. This assertion carries impiications

for problem solving that requires new solutions as well as for problem

solving that requires the application of already known organizing

principles to new problems. That is, creativity requires the ability tc

find new ecological relationships among cues as well as new organizational

principles. Vicarious functioning in these circumstances thus incorporates

the notion of "functional substitutability" as against "functional

fixedness" of cues (emphasized by the Gestalt psychologists; see, for

example, Duncker, 1945). Failure to achieve ___'> tutability of the

ecological relationships among cues is just as much an obstacle to

problem solving as failure to achieve substitutability among organizing

principles.

Consider, for example, the classical problem solving experiment by

Maier (1931), in which the solution of the problem depends on the subjects'

ability to change the ecological implication of an object from a "tool"

to a "bob" of a pendulum. In this problem, the subject is "shifting

strategies," that is, testing one organizing principle (heuristic) after

another, and also changing the potential relationships of the various

artifacts (that constitute cues) to a solution. Thus, for example, the

meaning of the pliers that Maier supplies for his subjects, is, in most

environments, that of a tool; but that meaning is useless (carries zero

ecological validity) in this task environment; on the other hand, If its
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ecological function is changed to a pendulum bob, it becomes possible to

execute the organizing principle that demands that so-e object serve as

a pendulum bob.

Fortunately, Maier carried out the experiment in such a fashion that

the results carry relevance for other concepts in the nomological netwoik

of the tables in Appendix A. I use the description of behavior of the

subjects in this study provided by Lindsay and Norman because it yields

an independent verification of the relation between (a) awareness of the

"in-between" cognitive activity, (b) time taken to reach a correct

solution, and (c) sequential operations to the (d) predictions in the

tables in the Appendix.

In this experiment two cords huna from tre ceiling of a

room. The subject's task was to tie the strings together, but

it was impossible to reach both at the same time. A number of

solutions were possible by clever use of the various objects

scattered deliberately but inconspicuously throughout the

room. Only one solution was of interest to Maier, however,

and he explored the hints needed to get his subjects to come

up with it. . . . The experimenter (who was in the room with

the subject) used two different hints.
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FIGUNE 14-8

//

/

Hint 1. The experimenter walked about the room, and,

in passing the cord which hung from the center of the

room, he put it in slight motion a few times. This was

done without the subject knowing that a suggestion was

being given. The experimenter merely walked to the

window and had to pass the cord.

Hint 2. In case hint 1 failed to bring about the

solution within a few minutes, the subject was handed

a pair of pliers and told, "With the aid of this and

no other object, there is another way of solving the
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problem." [The description of the hints is Maier's,

as outlined in the original article (1931).]

(Awareness in relation to contemporaneous displays vs.

sequential presentations: KRH]

Maier divided the subjects who successfully solved the problem

after receiving the hints into two groups -- those who appeared

to solve the problem as a whole ("The solution just came to

me; I don't know how"), and those who seemed to go through

a series of steps to the solution ("Let's see, if I could

move the cord, . . . throw things at it, . . . blow at it,

. swing it like a pendulum . . . aha!"). The interesting

difference between these two groups, fror our point of view,

is the difference between the subjects' reported use of the

hint. Those who solved the problem as a whole failed to

report that the hint was of any use to them, while the group

that progressed through stages reported (with but one excep-

tion) that the hint was an aid. Our question is whether the

"whole" subjects actually used the hint without being aware

of it. If this is so, then we would expect that protocols

taken during problem solving might miss many of the steps

involved in arriving at a solution.

(Awareness and time to solution: KRH]

First, it is clear that the subjects who failed to report

the use of the hint in fact solved the problem much quicker

1D
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than the group for which no hints were g;ivcr.. On the axerage,

the majority of subjects found the soiation witrlin less hnw-

a minute after the hint was given. When no hints were given,

only 20% of the subjects found the solution, even though they

were allowed to work on the problem for half an hour.

[Awareness and reportability: KRHj

Did th t "whole" subjects notice the hint but were perhaps

simply unwilling to admit that they used it? Tl.is seems

unlikely. Subjects who solved the problem in steps seemed to

have no hesitancy in referring to the hint as they described

their solution. Why should the "whole" subjects hold back?

The conclusion seems to be that the hinT .iayed an important

part in bringing about the solution, even though the subjects

were not consciously aware of its role. If the subject does

not realize such an obvious step in his or her protocol

behavior, then our protocol records are going to be incomplete.

We must assume, then, that as people work on a problem,

they proceed through a series of strategies and operations,

which are reflected in their verbal description of their own

mental operations. The steps going on internally, however,

are not all faithfully represented in the verbal output. What

we can observe will only be a partial description of the

actual internal processes.

The conclusion, then, is that onlya portion of a person's

cognitive activities is going to be available for external

o)
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examination. The record will be most complete if people are

encouraged to verbalize their detailed thiought processos, and

if protocols are taken during the actual performance of the

activity. Even Maier's "whole" subjects might have been aware

of their use of the hint if they had been told beforehand to

monitor their thought processes and to talk aloud as they

groped for a solution. Despite its shortcomings, the protocol

analysis is a powerful tool in attempting to reconstruct the

events that go on during problem solving and to explore the

kinds of cognitive strategies that operate in these complex

tasks. (pp. 557-559)

Lindsay and Norman's (1977) account of Maie -'s classic experiment

is useful not only because of what it does provide but because of what is

missing: What sort of cognitive activity is taking place during those

"steps going on internally [that] are not represented in the verbal

output"? (p. 559) Lindsay and Norman assume that if "people are

encouraged to verbalize their detailed thought processes" (p. 559) we

may find out. Perhaps. But if cognitive activity in analytical tasks

that will not act pt approximate solutions (such as Maier's) consists

of an alternation between intuitive processes that involve the vicarious

functioning of cues as well as organizing principles, and/or in which

shifts in weights mean a shift in strategy (as indicated in Jeffries

-t al., 1977) then such verbalized reports may be wholly misleading;

worse still, they may be constructed simply to satisfy the researchers'

demands for them.
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In short, in analytical tasKs were approxia-t, answers re not

good enough, counit-ve activity alternates betwun , ) the -. ;ns-ous

production of organizinq principles kstrateoreb , and (b) Che conscious

explication and execution of thcse strateqies, followed by (c) the

evaluation of the utility of their execution. The production process

is largely intuitive; that is, it is (a) responsive to many cues

contemporaneously displayed (see Lindsay and Norman's (1977) above use

of "whole") (b) rapid, and unconscious ("the subjects who failed to

report the use of the hint in fact solved the problem much quicker"

[p. 588]) and rroduces solutions based on new ecological relationships

and new organizing principles, thus involving vicarious functioning of

cues as well as organizing principles.

When cognitive activity shifts from production to the explication

and execution of the intuitively (as described above; see also tables

in the Appendix) produced strategy, the result will be a series of

sequential operations carried out with a high degree of awareness and

thus subject to accurate and meaningful report. Should the strategy

fail, and should no new principle of organization be readily available,

cognitive activity will return again to the unconscious production of

a new strategy.

The evaluation function, or judgment process, that occurs after the

execution of a move, (or a part of the strategy) occurs when the con-

sequences of a move are not apparent. That is, outcome feedback is

not immediate and obvious but must be produced by the subject. Jeffries

et al. (1977) indicate that such evaluation (judgment) functions may be

........
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represented by paramorphic equiations of the type linear model) predicted

in the tables in the Appendix. Such judgment nay be tne rc,_t of a

compromise between strategies, dependinq on the level of awareness of

the subjects choice of a given strategy. Compromise will be absent if

a subject reports the conscious choice of a means-end strategy; moveover,

s/he will be able to make a conscious evaluation of a recent move ("that

was a mistake") thus providing clear outcome feedback. But if the subject

has a low awareness of strategy choice, compromise will be present, and

the ensuing judgment will thus provide ambiguous outcome feedback, and

slow progress toward solution.

If the above interpretations carry plausibility, then researchers

in the field of problem solving should examine tnh judgment and decision

making literature with the aim of discovering what has been learned

about judgment processes, so that the largely unconscious process of

selecting and evaluating moves can be better described and understood.

For example, although it appears to us that steps taken by Jeffries et al.

(1977) are most promising, they have not noted the similarity between

their remarks about the robust nature of their linear model ("arbitrary

changes in the weights . . . make almost no difference in this pattern

[of acceptable and nonacceptable moves]"; p. 417) and the well-known work

by Dawes and Corrigan (1974) that explored the implications of this

aspect of linear models (see also Dawes, 1979) nor any of the several

possibilities of enrichment of the description of taat process. That is

an effort best undertaken in the pursuit of a unified theory.
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The Shifting Locus of Vicarious Functioning :n i.I.t. .personal Conflict

and Interpersonal Learning

The shifting locus of vicarious functioning also has strong

implications for the study of ,nterpersonal conflict and interpersonal

learning, and thus expands the area of research in cognition to include

these topics ordinarily thought to be of interest only to social

psychologists. For example, the end result of cognitive activity in

tasks inducing elements of intuition and analysis is a judgment that is

the result of a compromise between the different contributions of each

mode of cognition. (See Brunswik, 1952, 1956, for a detailed theory of

perceptual compromise; see also Hanmnd, 1966, for reviews and critiques;

see Hammond & Wascoe, 1980, for a variety of .; mnt applications of the

concepts of vicarious functioning and compromise in studies of inter-

personal conflict and interpersonal learning.) Compromise will, therefore,

occur in relation to whatever part of quasi-rational cognitive activity

that is controlled by a weighted averaging procedure. Such compromise

within one person's organizing principles increases the likelihood of the

occurrence of compromises between persons who employ organizing principles

that are similar in form (i.e., weighted averages) but different in other

respects (i.e., employ different weights or different function forms for

the same cues). Such compromises would be expected to be implicit rather

than explicit, and, indeed, there is considerable evidence for research

in interpersonal conflict to support that view (see, for example, the

numerous studies by Brehmer and his colleagues; see Hammond & Wascoe,

VC
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1980; Brehmer & Hammond, 1977; Hammond et al., 19T5, for reviews; see

also the work of Gillis, 1980; Gillis & Mass, hi78; Gillis & bavi£:, 1977,

regarding the effects of psychoactive drugs on conflict and compromise,

also in Hammond & Joyce, 1975). Should task conditions induce the

demand for analysis, however, differential weights may be made explicit

(although these may well differ from implicit weights). If weights do

become explicit, then trade-offs can be made explicit, and thus explicit

bargaining can occur. If conditions provide incentives for compromise,

then the intuitive component of a quasi-rational organizing principle (the

weighted average procedure) can become the basis for the development of

an analytical principle in which quantitative analysis, bargaining and

trade-offs occur in a highly conscious, highl1 d4I icit way, for example,

"I'll reduce my emphasis (weight) on this if you will reduce your emphasis

(weight) on that."

Dispute that begins with differences between highly explicit,

analytically-based first principles, rather than the implicit looseness

and low degrees of awareness of quasi-rational cognition, is however,

far less amenable to compromise. For the end-result of analysis is a

wholly-retraceable and thus logically defensible, answer, not a partially

retraceable "good enough" judgment. Analytically-derived answers are

neither the result of a compromise between vicarious functioning cues,

nor a compromise between competing organizing principles; answers are

produced by one principle which dominates all others. Compromise is not

merely resisted by analytical cognition, it is anathema to it, for

4;
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compromise is capitualtion; compromise renders ar, -,rnervisE wholly

consistent organizing principle internally in cnsi' ent. A; _ n catcd

above, mutual substitutability ac the ce ntral region occurs only insofar (]

as the organizing principles are part of a tautological system.

Ideologically-derived analytical organizing prlncipies, however, lead

to dispute precisely because they are not mutually substitutable with k

other ideologically-derived principles; indeed, the dispute is based on

grounds of their incompatibility. Thus, the mathe.atician's way of

conflict management differs from that of the ideologue. The former

seeks tautologies, systems of analysis that permit incorporation of,

and thus reconciliation of, competing theories, as well as the explicit

identification of the congruence between thee) .- 7. The latter, on the

other hand, seeks capitulation; the dispute is pursued until capitulation

occurs, or until outside forces demand the return of quasi-rationality

(and thus the abondonment of consistency and the acceptance of compromise).

(See Tversky & Kahneman, 1981, p. 458, for a recent suggestion that

internal consistency be abandonea as a criterion of rationality in

favor of "the predictive criterion of rationality.")

Conflict in science. Compromise is not permitted within scientific

work for different reasons; the fact that science is based on the use of

analytical organizing principles means that there is no compromise, for

example, between the wave and particle theory of light; there is a

"complementarity principle," not a "compromise principle." The fact

that analysis demands capitulation, not compromise, is at the basis of

!C
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the "crucial experiment," so admired by analytical :;cientists and

philosophers of science, admired because th., crucia experi.ient demrands

a set of conditions that will discriminate with finality between two

competing alternative organizing principles (theories) that will permit

no compromise. And it is the falsification of at least one competing

organizing principle in these specific conditions that marks an increase

in analytical explanatory power and precision in empirical prediction.

Thus, scientific endeavor has the enormous advantage of being able

to resort to controlled, empirical test for the falsification of theories.

Regrettably, political, social and economic theories do not have this

opportunity. As a result, methods proposed (and available) for resolving

dispute threaten the existence of life on the only planet where it is

apparent. All of the results of research on man's cognitive activity

points to the need for a better way, for the development of cognitive

support systems.

Cognitive Support Systems

Throughout the above presentation there runs a theme of reciprocity;

as just indicated, the responsibility provided by analytical cognition is

purchased at the increasing risk of the rejection of common sense. No one

expresses this point better than the philosopher Pepper (1948; see also

Hammond, et al., 1980, pp. 3-4):

This tension between common sense and expert knowledge,

between cognitive security without responsibility and cognitive

responsibility without full security, is the interior
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dynamics of the knowledge situatiun. The fr.tli nteness of

much detail in common sense, its contra J-rtion.-, ats l ck r j

established grounds, drive thought to eek definitiveness,

consistency, and reasons. Thought finds these in the

criticized and refined knowledge of mathematics, science, and

philosophy, only to discover the these tend to thin cut into

arbitrary definitions, pointer readings, and tentativc

hypotheses. Astounded at the thinness and hollowness of

these culminating achievements of conscientiously responsible

cognition, thought seeks matter for its definitions, signifi-

cance for its pointer readings, and support for its wobbling

hypotheses. Responsible cognition find, acself insecure as

a result of the very earnestness of its virtues. But where

shall it turn? It does, in fact, turn back to common sense,

that indefinite and irresponsible source which it so lately

scorned. But it does so, generally, with a bad grace. After

filling its empty definitions and pointer readings and

hypotheses with meanings out of the rich confusion of common

sense, it generally turns its head away, shuts its eyes to

what it has been doing, and affirms dogmatically the self-

evidence and certainty of the common-sense significance it has

drawn into its concepts. Then it pretends to be securely

based on self-evident principles or indubitable facts. If

our criticism of dogmatism is correct, however, this

!.S
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security in self-evidence and indubitability has proved

questionable. And critical knowledge -_ngs ov a vacum

unless it acknowledges openly the actual, though strange,

source of its significance and security in the uncriticized

material of common sense. Thus the circle is completed.

Common sense continually demands the responsible criticism

of refined knowledge, and refined knowledge sooner or

later requires the security of common-sense support.

Why cannot the two merge? No doubt, that is the

inherent aim of cognition. (pp. 3-4)

No doubt, then, one of the aims of cognitive support systems should

be to make it possible for the security of c.. ,n sense to merge with

the responsibility of analysis in a manner that incorporates the assets

of both, and reduces the liabilities of both.

Placed in the present theoretical context, Pepper's description of the

reciprocity between intuition and analysis thus provides a clear directive

for the development of cognitive support systems: Make it possible for

the full capacity of cognition to be brought to bear on the full range

of cognitive tasks. In order for that to be accomplished, a unified

theory of cognition that incorporates all of our knowledge will be

required if we are to develop support systems that will enhance our

cognitive abilities, and thus enhance the likelihood of obtaining

intelligent solutions to those many cognitive problems that currently

seem to baffle us.
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TABLE 1

COMPLEXITY OF TASK STRUCTURE

INDUCING INTUITION INDUCING ANALYSIS

1. TEXTURE OF JUDGMENT SCALE 1. TEXTURE OF JUDGMENT SCALE

A. MANY ALTERNATIVES A. FEW ALTERNATIVES

B. MANY STEPS TO SOLUTION B. FEW STEPS

2. NUMBER OF CUES PRESENTED 2. NUMBER OF CUES PRESENTED
A. MANY (>5) CUES A. FEW (2-4) CUES

CONTEMPORANEOUSLY SEQUENTIALLY ENCOUNTERED
DISPLAYED

3. VICARIOUS MEDIATION 3. VICARIOUS MEDIATION

A. INTRA-ECOLOGICAL A. INTRA-ECOLOGICAL
CORRELATIONS=PRESENT CORRELATIONS MINIMAL
TO LARGE (R = .5) (VERTICALLY)
DEGREE (HORIZONTALLY)

4. CUE DISTRIBUTION 4. CUE DISTRIBUTION
CHARACTERISTICS CHARACTERISTICS

A. NORMAL A. PEAKED

B. LINEAR FUNCTION FORMS B. NONLINEAR, NONMONOTONIC
FUNCTION FORMS

5. WEIGHTS 5. WEIGHTS
A. EnUAL A. UNEQUAL

6. ORGANIZING PRINCIPLE 6. ORGANIZING PRINCIPLE
A. LINEAR MODEL A. NONLINEAR MODEL

I0
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AMBIGUITY OF TASK CONTENT

INDUCING INTUITION INDUCING ANALYSIS

1. AVAILABILITY OF AN 1. AVp:LABILITY OF AN
ORGANIZING PRINCIPLE ORGANIZING PRINCIPLE

A. NOT AVAILABLE A. READILY AVAILABLE

2. TASK OUTCOME AVAILABLE 2. TASK OUTCOME AVAILABLE
A. NOT AVAILABLE A. READILY AVAILABLE

3. FAMILIARITY WITH CONTENT 3. FAMILIARITY WITH CONTENT
A. NOT FAMILIAR A. HIGHLY FAMILIAR

4, FEEDFORWARD 4. FEEDFORWARD
A. NO TRAINING, NO A. PRIOR SKILL, INFORMATION

INFORMATION

5. FEEDBACK 5. FEEDBACK

A. MINIMAL A. COGNITIVE FEEDBACK

FORM OF TASK PRESENTATION

INDUCING INTUITION INDUCING ANALYSIS

1. TASK DECOMPOSITION 1. TASK DECOMPOSITION
A. A FOSTERIORI A. A PRIORI

2. COGNITIVE DECOMPOSITION 2. COGNITIVE DECOMPOSITION

A. A POSTERIORI A. A PRIORI

* ' 3. TYPE OF CUE DATA 3. TYPE OF CUE DATA
A. CONTINUOUS A. DICHOTOMOUS

4. TYPE OF CUE DEFINITION 4. TYPE OF CUE DEFINITION

A. PICTORIAL A. QUANTITATIVE

B. SUBJECT MEASURES CUE B. OBJECTIVE MEASURES
LEVELS

5. RESPONSE TIME PERMITTED OR 5. RESPONSE TIME PERMITTED OR
IMPLIED IMPLIED

A. BRIEF A. OPEN
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TABLE 2

PREDICTIONS OF COGNITIVE PROPERTIES IN SINGLE-SYSTEM CASE

JNIUIUTE COGNITION IA, UAL T C65 ION

1. Low COGNITIVE CONTROL 1, OPPOSITE

2. UNCONSCIOUS DATA PROCESSING, 2. OPPOSITE

WITH REGARD TO WEIGHTS,

FUNCTION FORMS, ORGANIZING

PRINCIPLES

3. VICARIOUS FUNCTIONING 3. OPPOSITE
(INCLUDES SHIFTING CUE

UTILIZATION)

4. RAPID DATA PROCESSING 4. OPPOSITE

5. RAW DATA OR EVENTS STORED 5. COMPLEX ORGANIZING PRINCIPLES
IN MEMORY STORED IN MEMORY

6. PICTORIAL METAPHORS 6. VERBAL, QUANTITATIVE METAPHORS

PREDOMINANT; VERBAL, SERVE AS ORGANIZING PRINCIPLES

QUANTITATIVE METAPHORS AND HYPOTHESES; PICTORIAL

ABSENT METAPHORS ABSENT (OR APPEAR

ONLY DURING INTUITIVE PHASE

OF PROBLEM SOLVING)

7. RIGHT HEMISPHERIC ACTIVITY 7. LEFT HEMISPHERIC ACTIVITY

PREDOMINANT PREDOMINANT

8. STABLE POLICY MEANS RIGIDITY 8. STABLE JUDGMENT SUBJECT TO
CHANGE WITH NEW INFORMATION



Principles of Organization
71

TABLE 2A

LIST OF PREDICTIONS REGARDING PERFORMANCE IN SINGLE-SYSTEM CASE

1. INCONSISTENCY 1. OPPOSITE

A. LOW PREDICTABILITY OF
JUDGMENTS OVER TIME

B. LOGICAL INCONSISTENCY
(WHERE APPROPRIATE)

C. FAILURE TO CONFORM TO MAT
AXIOMS (WHERE APPROPRIATE)

2. LACK OF RETRACEABILITY OR 2. HIGH DEGREE OF RETRACEABILITY
AWARENESS OF PROCESS WHEN MOVING TOWARD SOLUTION;
A. DIFFICULTY IN VERBALIZING WHEN BLOCKED SUBJECT OFTEN

RESORTS TO PICTORIAL REPRESEN-
B. EXPRESSING QUANTITATIVELY, TATION OF THOUGHT, OR PICTORIAL

COGNITIVE ACTIVITY ANALOGIES OR METAPHORS, THAT
ARE RECOVERED

3. BRIEF RESPONSE TIME 3. OPPOSITE
A. OTHER INDICATIONS OF

ABSENCE OF ANALYSIS

4. Low CONFIDENCE IN JUDGMENTS 4. OPPOSITE

5. CHANGE 5. CHANGE

A. CHANGE IN COGNITIVE SYSTEM A. CHANGE IN WEIGHTS,
LIMITED TO CHANGE IN CUE FUNCTION FORMS AND
WEIGHTS AS POLICY FORMED ORGANIZING PRINCIPLES UNTIL

STABLE POLICY REACHED

B. RAPID CHANGE OCCURS WITH
NEW INFORMATION

6. EQUAL WEIGHTING OF CUES OVER 6. OPPOSITE; WEIGHT CONCEPT NOT
LONG TERM (IE., MATCHING APPLICABLE
RATHER THAN "MAXIMIZING" BEHAVIOR)

7. LINEAR FUNCTION FORMS 7. OPPOSITE

8. WEIGHTED AVERAGING ORGANIZING 8. ANY ORGANIZING PRINCIPLE
PRINCIPLE (COMPROMISE). (OTHER THAN WEIGHTED
NOTE: MATCHING HERE ALSO AVERAGING POSSIBLE)

9. EVENT MEMORY 9. MEMORY OF PRINCIPLES (INCLUDING
METAPHORS IN CREATIVE PHASES)

10. RIGHT SIDE BRAIN ACTIVITY 10. OPPOSITE

wi
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TABLE 3

PREDICTIONS OF COGNITIVE PROPERTIES IN DOUBLE-SYSTEM CASE

INTUITIVE COGNITION ANALYTICAL COGNITION

1. Low COGNITIVE CONTROL 1. OPPOSITE

2. UNCONSCIOUS DATA PROCESSING 2. OPPOSITE

WITH REGARD TO WEIGHTS,

FEEDFORWARD, ORGANIZING

PRINCIPLES

3. VICARIOUS FUNCTIONING 3. OPPOSITE
(INCLUDES SHIFTING CUE

UTILIZATION)

4. RAPID DATA PROCESSING 4. OPPOSITE

5. RAW DATA OR EVENTS STORED 5. COMPLEX ORGANIZING PRINCIPLES
IN MEMORY STORED IN MEMORY

6. PICTORIAL METAPHORS 6. VERBAL, QUANTITATIVE METAPHORS
PREDOMINANT; VERBAL, SERVE AS ORGANIZING PRINCIPLES

QUANTITATIVE METAPHORS AND HYPOTHESES; PICTORIAL

ABSENT METAPHORS ABSENT (OR APPEAR

ONLY DURING INTUITIVE PHASE

OF PROBLEM SOLVING)

7. RIGHT HEMISPHERIC ACTIVITY 7. LEFT HEMISPHERIC ACTIVITY

PREDOMINANT PREDOMINANT

8. STABLE POLICY MEANS RIGIDITY 8. STABLE JUDGMENT SUBJECT TO
CHANGE WITH NEW INFORMATION

S
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TABLE 3A

PREDICTIONS OF ACHIEVEMENT FOR DOUBLE-SYSTEM CASE

(NOTE: PREDICTIONS OF PERFORMANCE FRCM S NGLE-SYSTEM CASE
CARRY FORWARD.)

INTUITIVE COGNITION ANAL'iCAL COGNITION

1. SLOW, 'STUPID' LEARNING FROM 1. OPPOSITE
INEXACT (PROBABILISTIC)
OUTCOMES; E.G., LARGE NUMBER
OF TRIALS TO SOLUTION

2. NORMAL DISTRIBUTION OF TASK 2. NON-NORMAL DISTRIBUTION OF
ERRORS ERRORS

3. 'STEREOTYPED,' PERSISTENT 3. OPPOSITE
USE OF CUES

4. FREQUENT APPEAL TO EVENT 4. FREQUENT APPEAL TO ORGANIZING
MEMORY FOR RECALL OF TASK PRINCIPLE FOR RECALL OF TASK
PROPERTIES AND PERFORMANCE PROPERTIES AND PERFORMANCE

5. TRANSFER LOW; TASKS WITH 5. TRANSFER HIGH OVER DIFFERING
DIFFERENT CONTENT CO ,FNT

6. UNDERCONFIDENCE (CONTRAST 6. OPPOSiTE
BETWEEN OBSERVED PERFORMANCE
AND REPORT OF CONFIDENCE)

7. INCONSISTENCY MATCHES TASK 7. INCONSISTENCY FROM TRIAL TO
UNPREDICTABILITY OVER TRIAL; NOT MATCHED TO TASK;
OCCASIONS MAXIMIZING STRATEGY IN TASKS

PROVEN TO BE STOCHASTIC
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